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[57] ABSTRACT

A vehicle dynamic characteristic control apparatus for
use with a motor vehicle having controllable dynamic
characteristics. The apparatus comprises a first sensor
sensitive to steering handle position for producing an
electric signal indicative of a sensed steering handle
position, and a second sensor sensitive to steering han-
dle position for producing a steering handle neutral
position signal having a first level when the sensed
steering handle position is in a predetermined range and
a second level when the sensed steering handle position
is out of the predetermined range. A control unit is
coupled to the first and second sensors. The control unit
checks the steering handle neutral position signal. An
estimation start command signal i1s produced when the
steering handle neutral position signal is normal. The
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VEHICLE DYNAMIC CHARACTERISTIC
CONTROL APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to a vehicle dynamic character-
istic control apparatus for use with a motor vehicle
having controllable dynamic characteristics including
yaw velocity, side velocity, roll velocity, etc. Although
the invention will be described in connection with a
rear wheel steering control system, it should be under-
stood that the invention is equally applicable to other
vehicle dynamic characteristic control systems includ-
ing active suspension control systems and the like utiliz-
ing information on steering wheel position to control
the dynamic charactenistics of motor vehicles.

For example, U.S. patent application Ser. No.
07/284,414, filed Dec. 14, 1988, now abandoned, dis-
closes a rear wheel steering control system for control-
ling the angle of steering of the rear wheels based on a
rear wheel steering angle calculated as a function of
vehicle speed and front wheel steering angle. For the
purpose of calculating the front wheel steering angle,
which corresponds to a deviation of the existing steer-
ing wheel position from a steering wheel neutral posi-
tion indicating a driver’s demand for straight ahead
driving, the rear wheel steering control system includes
a steering wheel position sensor for sensing the existing
steering wheel position and a steering wheel neutral
position sensor for producing a steering wheel neutral
position signal having a first level when the steering
wheel position is within a predetermined range and a
second level when the steering wheel position is out of
the predetermined range. The rear wheel steering con-
troi system estimates the steering wheel neutral position
by calculating an average value of the steering wheel
position sensed when the steering wheel neutral posi-
tion signal changes from the second level to the first
level and the steering wheel position sensed when the
steering wheel neutral position signal changes from the
first level to the second level. This estimation is made
immediately when the rear wheel steering control sys-
tem 1s powered on.

With such a rear wheel steering control system, how-
ever, the estimated steering wheel neutral position will
be deviated to a great extent from a correct neutral
position, causing the rear wheels to be turned in re-
sponse to a driver’s demand for straight ahead driving
when a failure occurs in the steering wheel position
sensor or the circuit associated therewith to maintain
the steering wheel neutral position signal at one of the
first and second levels.

SUMMARY OF THE INVENTION

Therefore, it 1s a main object of the invention to pro-
vide an improved vehicle dynamic characteristic con-
trol apparatus which can prevent the steering handle
neutral position to be estimated in the event of failure in
the steering handle neutral position sensor or the associ-
ated circuit.

There 1s provided, in accordance with the invention,
a vehicle dynamic characteristic control apparatus for
use with a motor vehicle having controllable dynamic
characteristics. The apparatus comprises first sensor
means sensitive to steering handle position for produc-
ing an electric signal indicative of a sensed steering
handle position, and second sensor means sensitive to
steering handle position for producing a steering handle
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neutral position signal having a first level when the
sensed steering handle position is in a predetermined
range and a second level when the sensed steering han-
dle position 1s out of the predetermined range. A con-
trol unit 1s coupled to the first and second sensor means.
The control unit includes means for checking the steer-
ing handle neutral position signal, means for producing
an estimation start command when the steering handle
neutral position signal 1s normal, means responsive to
the estimation start command for estimating a steering
handle neutral position, and means for controlling the
dynamic characteristics of the automotive vehicie based
on the estimated steering handle neutral position.

In one aspect of the invention, the control unit in-
cludes means for detecting a minimum steering handle
position value sense when the steering handle neutral
position signal changes from the second level to the first
level and a maximum steering handle position value
sensed when the steering handle neutral position signal
changes from the first level to the second level, means
for calculating a difference between the mimimum and
maximum steering handle position value, and means for
producing the estimation start command signal when
the calculated difference is within a predetermined
range. The control unit estimate the steering handle
neutral position based on the minimum and maximum
steering handle position values in response to the esti-
mation start command signal.

BRIEF DESCRIPTION OF THE DRAWINGS

This mmvention will be described in greater detail by
reference to the following description taken in connec-
tion with the accompanying drawings, in which:

FIG. 1 is a schematic diagram of a vehicle dynamic
characteristic control apparatus embodying the inven-
tion;

FIG. 2 1s a plan view used in explaining the steering

- wheel position sensor and steerfng wheel neutral posi-

tion sensor used in the control apparatus;

FIG. 3 is a voltage waveform timing diagram 1illus-
trating a difference between the phases of the steering
wheel position signals produced from the steering
wheel position sensor when the steering wheel rotates
in a first direction;

FI1G. 4 1s a voltage waveform timing diagram illus-
trating a difference between the phases of the steering
wheel position signals produced from the steering
wheel position sensor when the steering wheel rotates
In a second, opposite direction;

FIG. § i1s a voltage waveform timing diagram 1ilus-
trating the steering wheel neutral position signal pro-
duced from the steering wheel neutral position sensor;

FIG. 6 is a block diagram illustrating the detailed
arrangement of the control unit;

FIG. 7 is an overall flow diagram showing the pro-
gramming of the digital computer used in the control
unit;

FIG. 8 1s a flow diagram showing the programming
of the digital computer as it is used for rear wheel sheer-
Ing control;

FIGS. 9A and 9B are the diagrams showing front
wheel steering angle variations and corresponding rear
wheel steering angle vanations;

F1G. 10 1s a flow diagram showing the programming
of the digital computer as it is used to check a failure in
the steering wheel neutral position sensor; and
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FIG. 11 1s a detatled flow diagram showing the pro-
gram of the digital computer as it is used to esttmate a
steering wheel neutral position.

- DETAILED DESCRIPTION OF THE
INVENTION

With reference to the drawings, and in particular to

FI1G. 1, there 1s shown a schematic diagram of a steering
control system embodying the invention. The steering

control system will be described in connection with a
four wheel steering type automotive vehicle supported
on a pair of steerable front wheels 11. and 1R spaced
laterally apart at equal distances from a vehicle longitu-
dinal axis and a pair of steerable rear wheels 2L and 2R
spaced laterally apart at equal distances from the vehi-
cle longitudinal axis.

The front wheels 1L. and 1R are connected to a steer-
ing wheel] or handle 10 through a conventional link
mechanism including a steering shaft 12 and a steering
gear 14. The rear wheels 2L and 2R are associated with
a hydraulic actuator 20 of the spring center type having
two pressure chambers 20 and 20R for turning the
rear wheels 2L and 2R in response to the hydraulic
pressure acting in the first or second pressure chamber
20L or 20R. The steering actuator 20 turns the rear
wheels 21 and 2R in a counter-clockwise direction at an
angle proportional to the hydraulic pressure introduced
into the first pressure chamber 201 with respect to the
vehicle longitudinal axis and 1t turns the rear wheels 2L
and 2R 1n the clockwise direction at an angle propor-
tional to the pressure introduced into the second pres-
sure chamber 20R with respect to the vehicle longitudi-
nal axis. The first pressure chamber 20L is connected
through a conduit 21 to a cutoff solenoid valve 25 and
hence through a conduit 21 to a cutoff solenoid valve 2§
and hence through a conduit 22 to a control valve 30.
The second pressure chamber 20R 1s connected through
a conduit 23 to the cutoff solenoid vaive 25 and hence
through a conduit 24 to the control valve 30.

The cutoff valve 25 is normally in a closed position
cutting off communication between the lines 21 and 22
and at the same time cutting off communication be-
tween the conduits 23 and 24. The cutoff valve 25
moves to 1ts open position establishing communication
between the conduits 21 and 22 and at the same time
establishing communication between the lines 23 and 24
in the presence of a drive signal IF in the form of elec-
tric current applied thereto from a control unit 50. The
control unit 50 interrupts the application of the drive
signal IF when the ignition switch (not shown) is turned
off or when a trouble occurs in the steering control
system.

The control valve 30 has two pairs of variable area

orifices connected in a bridge configuration. One pair of

orifices 30a and 306 are assoctated with a solenoid 30R
which varies the opening areas of the orifices 30a and
30b as a function of the magnitude of a drive signal IR*
in the form of electric current applied thereto from the
control unit 50. The orifices 30a and 306 have a maxi-
mum opening area in the absence of the drive signal
IR*. The other pair of orifices 30c and 30d are associ-
ated with a solenoid 301 which varies the opening areas
of the orifices 30c¢ and 304 as a function of the magni-
tude of a drive signal ILL* in the form of electric current
applied thereto from the control unit 50. The orifices
30c and 304 have a maximum opening area in the ab-
sence of the drive signal IL*. The bridge is driven by a
hydraulic source which is obtained from an electric
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pump 40 having its outlet connected to the bridge for
supplying hydraulic fluid to the bridge. Excess hydrau-
lic fluid is discharged from the bridge to a reservoir 42.

In the absence of the drive signals IL* and IR®, the
orifices 30a, 305, 30c and 304 are open fully to discharge
all of the hydraulic pressure from the electric pump 40
to the reservoir 42. As a result, no hydraulic pressure is

supplied to the first and second pressure chambers 20L
and 20R. The control valve 30 supplies a hydraulic

pressure corresponding to the magnitude of the dnve
signal IL* or IR* through the cutoff valve 25 to the first
or second pressure chamber 20L or 20R of the hydrau-
lic actuator 20.

The steering angle of the rear wheels 2L and 2R, this
being determined by the magnitude of the drive signal
IL* or IR* applied to the first or second solenoids 30L
or 30R, is repetitively determined from calculations
performed by the control unit 50, these calculations
being based upon various conditions of the automotive
vehicle that are sensed during its operation. These
sensed conditions include steering wheel position, steer-
ing wheel rotating direction, steering wheel neutral
position, and vehicle speed. Thus, a steering wheel
position sensor 62, a steering wheel neutral position
sensor 64 and a vehicle speed sensor 66 are connected to
the control unit 50. The numeral 68 designates an 1gni-
tion switch connected to the control unit 0. When the
ignition switch 68 is turned on, energy is supplied to the
ignition system and to the control unit S0.

Referring to FIG. 2, the numeral 60 designates a
sensor disc mounted for rotation in unison with the
steering shaft 12 secured at its one end to the steering
wheel 10. The sensor disc 60 is formed therein with a
number of openings 60a and a slit 605. The openngs
60a, which are equally spaced circumferentially at sev-
eral degrees of rotation of the sensor disc 60, are formed
over the entire 360° of rotation of the sensor disc 60.
The slit 606 extends circumferentially through a prede-
termined number of degrees of rotation of the sensor
disc 60 to determine a steering wheel neutral position
range.

The steering wheel position sensor 62 comprises two
light emission diodes 62a and 625 and two light sensor
elements (not shown) facing to the respective light
emission diodes 62a and 625. The light emission diodes
624 and 62) are located on one side of the sensor disc 60
and the corresponding light sensor elements are located
on the opposite side of the sensor disc 60. The hght
emission diode 62a emits light to the corresponding
light sensor element which produces a steering wheel
position signal having a high level upon the receipt of
the light emitted from the light emission diode 62a
through one of the openings 60a and a low level when
the sensor disc 60 interrupts the path of the light emitted
from the light emission diode 624, as shown by the
waveforms A of FIGS. 3 and 4. The number of pulses of
this steering wheel position signal corresponds to the
steering wheel position in the form of the degrees of
rotation of the steering wheel 10 from a reference posi-
tion. Similarly, the light emission diode 62b emits light
to the corresponding light sensor element which pro-
duces a steering wheel position signal having a high
level upon the receipt of the light emitted from the light
emission diode 626 through one of the openings 60a and
a low level when the sensor disc 60 interrupts the path
of the light emitted from the light emission diode 625, as
shown by the waveforms B of FIGS. 3 and 4. The
number of pulses of this steering wheel position signal
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corresponds to the steering wheel position in the form
of the degrees of rotation of the steering wheel 10 from
a reference position. The light emission diodes 6242 and
620 are spaced apart from each other at a distance equal
to one-half of the pitch of the openings 60a so that a
phase shift occurs between the steering wheel position
signals 1in one direction (FIG. 3) upon rotation of the
steering wheel 10 in a clockwise direction and in the
opposite direction (FIG. 4) upon rotation of the steering
wheel 10 in the counter-clockwise direction. Thus, the
steering wheel position signals indicate the direction
and degree of rotation of the steering wheel 10.

The steering wheel neutral position sensor 64 In-
cludes a light emission diode 64a and a light sensor
element (not shown) facing to the light emission diode
64a. The light emission diode 644a is located on one side
of the sensor disc 60 and the corresponding light sensor
element is located on the other side of the sensor disc 60.
The light emission diode 64a emits light to the corre-
sponding light sensor element which produces a steer-
ing wheel neutral position signal having a high level
upon of the receipt of the light emitted from the light
emission diode 64a through the slit 6056 and a low level
when the sensor disc 60 interrupts the path of the light
emitted from the light emission diode 64a, as shown in
FIG. 8. The angle (steering wheel straight ahead driv-
ing range) through which the slit 60b extends circum-
ferentially 1s determined to ensure that the steering
wheel neutral position signal is at its high level during
straight ahead dniving. Considering the assembling er-
rors (#5°) and the driver’s correction (£5°) of steering
wheel position, this angle may be set at 20°.

Referring to FIG. 6, the control unit 50 employs a
digital computer including a central processing unit
(CPU) 51, a random access memory (RAM) 52, a read
only memory (ROM) 53, a nonvolatile memory (NVM)
54, and an mput/output control circuit (I/0O) 35. The

central processing unit 51 communicates with the rest

of the computer via data bus 56. The input/output con-
trol circuit 55 includes an analog-to-digital converter
and counters. The input/output control unit 55 i1s con-
nected to the steering wheel position sensor 62, the
steering wheel neutral position sensor 64, the vehicle
speed sensor 66 and the ignition switch 68 for convert-
ing the sensor signals for application to the central pro-
cessing unit S1. The read only memory 53 contains the
programs for operating the central processing unit 51
and further contains appropriate data in look-up tables
used in calculating appropriate values for rear wheel
steering angle. The look-up table data may be obtained
experimentally or derived empirically. Control words
specifying a desired rear wheel steering angle are peri-
odically transferred by the central processing unit 52

through the itnput/output control circuit 55 to a control
valve control circuit 83 which converts it into a drive

signal IL* or IR* to the control valve 30. When a fail-
ure occurs in the steering control system, the central
processing unit 51 produces a command which is fed
through the input/output control circuit 55 to a cutoff
valve control circuit 58 which thereby interrupts the
drive signal [F to close the cutoff valve 25 and also
another command which is fed through the input/out-
put control circuit 55 to an alarm lamp drive circuit 59
which thereby activates an alarm lamp 45 to provide a
visual indication that a failure occurs in the steering
control system.

FIG. 7 1s an overall flow diagram illustrating the
programming of the digital computer. The computer

10

15

20

23

30

35

45

30

53

60

65

6

program is entered at the point 202 when the 1gnition
switch 68 is turned on. At the point 204 in the program,
an inhibitory signal is produced to inhibit the rear wheel
steering control of the control unit 50. At the point 206,
the central processing unit 51 reads a value 8oo for
steering wheel position 0 and stores the read value 600
in the random access memory 52. This value 800 indi-
cates the steering wheel position 8 when the ignition
switch 68 i1s turned on.

At the point 208 in the program, a determination 1s
made as to whether or not the nonvolatile memory 54
has the last steering wheel neutral position value 6CMO
which was normally estimated and stored in the nonvol-
atile memory 54 during the last cycle of execution of
this program. If the answer to this question 1s “‘yes’”,
then the program proceeds to the point 210 where the
last steering wheel neutral position value 8CMQ 1s set
for steering wheel neutral position 6CM and then to the
point 216. Otherwise, the program proceeds to the point
212 where the central processing unit 51 estimates a
steering wheel neutral position value 6CM. This estima-
tion will be described further in connection with FIG.
11. After the estimated steering wheel neutral position
value 8CM 1s stored in the nonvolatile memory 54, the
program proceeds to a determination step at the point
214. This determination is as to whether or not the
estimated steering wheel neutral position value 6CM
has been stored in the nonvolatile memory 54. If the
answer to this question is “yes”, then the program pro-
ceeds to the point 216. Otherwise, the program returns
to the point 212.

At the point 216 in the program, a determination is
made as to whether or not the steering wheel neutral

position signal CP, which is fed from the steering wheel
neutral position sensor 65, i1s at its high level. If the
answer to this question is “‘yes”, then it means that the
steering wheel is in the predetermined neutral position
range and the program proceeds to the point 218 where
the central processing unit 51 reads a value 8ol for
steering wheel position 8. This value €0l indicates the
steering wheel position 8 when the steering wheel neu-
tral position signal CP changes to the high level. At the
point 220 in the program, the central processing unit 51
calculates an difference A@ of the steering wheel rota-
tion position value oo from the steering wheel position
value 8ol as A@=001—000. Thus, the calculated dif-
ference A@ indicates the degrees of rotation of the steer-
ing wheel 10 in the interval between the time at which
the ignition switch 68 is turned on and the time at which
the steering wheel 10 moves out of the neutral position
range.

At the point 222 in the program, a determination is
made as to whether or not the calculated difference A8
is In a predetermined range defined between a lower
limit (for example, —60%) and an upper limit (for exam-
ple, 60°). If the answer to this question is *“yes™, then the
program proceeds to the point 224. Otherwise, the pro-
gram returns to the point 216. At the point 224, the
central processing unit 51 produces a control start com-
mand causing the control unit 50 to start the rear wheel
steering control. Following this, the program proceeds
to the end point 226.

Normally, the control unit 50 can start the rear wheel
steering control in few seconds after the 1gnition switch
1s turned on to supply energy to the control unit 50
whenever the steering wheel neutral position signal CP
changes to its high level before the steering wheel 10 1s
rotated at an angle greater than a predetermined value
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(in this case 60°) in the clockwise or counter-clockwise
direction. This angle of rotation of the steering wheel 10
1s normally less than the predetermined value since the
powver steering unit i1s deactivated when the 1gnition
switch 68 1s turned off. Consequently, the normal steer-
ing wheel neutral position can be estimated to be the
steering wheel position which 1s read when the steering
wheel neutral position signal CP changes to its high
level before the steering wheel rotates at an angle
greater than the predetermined vaiue. This estimation 1s

effective to distinct the normal steering wheel neutral

position from an incorrect steering wheel neutral posi-
tion at 360 degrees of rotation of the steering wheel 10.
For this purpose, the control unit 30 may be arranged to
start the rear wheel steering control when the steering
wheel neutral position signal CP changes to its high
level before the steering wheel 10 1s rotated at an angle
equal to or greater than 180° in the clockwise or coun-
terclockwise direction. |

FIG. 8 is a flow diagram illustrating the program-
ming of the digital computer as it is used for the rear
wheel steering control along with the fail-safe control.
The computer program is entered at the point 232 when
the control start command is produced at the point 224
of FIG. 7. At the point 234 in the program, a determina-
tion is made as to whether or not a fail-safe signal oc-
curs. The fail safe signal is produced when a failure
occurs in the steering control system. If the answer to
this question 1s “no”, then the program proceeds to the
point 236 where the central processing unit 51 reads the
steering wheel position 8, the vehicle speed V, and the
estimated steering wheel neutral position 8CM. At the
point 238 in the program, the central processing unit 51
calculates a front wheel steering angle 8F by substract-
ing the estimated steering wheel neutral position 6CM
from the steering wheel position 8. In this case, the
front wheel steering angle 8F 1s represented as
OF = |68 -—-0CM|.

At the point 240 in the program, the central process-
ing untt 51 calculates a required value R for rear wheel
steering angle based on the read vehicle speed V and the
calculated front wheel steering angle 6F. Preferably,
the required rear wheel steering angle vaiue R 1s calcu-
lated in a manner to provide a first order advance phase
inversion control where the rear wheels 2L and 2R are
turned for a moment in the direction opposite to the
direction in which the front wheel 11. and 1R are turned
and then are turned in the same direction as the front
wheel steering direction, as shown in FIG. 9. When the
rear wheels 2L and 2R are turned in the direction oppo-
site to the front wheel steering direction, a cornering
force 1s applied 1n the yaw direction so as to decrease
the time required for the yaw rate to increase to a suffi-
cient value. After a sufficient yaw rate is obtained, the
rear wheels 21. and 3R are turned in the same direction
as the front wheel steering direction so as to limit the
yaw rate increase and thus decrease the sideslip angle.
This ts effective to increase the steering operation stabil-
ity and decrease the steering operation response time.
This is true particularly at low and intermediate vehicle
speeds.

At the point 242 in the program, the central process-
ing unit 51 calculates a value IL or IR for the magnitude
of the drive signal IL* or IR* supplied to the solenoid
JOL or 30R based on the required rear wheel steering
angle R from a relationship programmed into the digi-
tal computer. This relationship defines drive signal
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magnitude as a function of required rear wheel steering
angle. |

At the point 244 in the program, the calculated drive
signal magnitude value IL or IR is transferred to the
control valve control circuit 57. The control valve
control circuit §7 then sets the control valve 30 by
producing a drive signal IL* or IR* to the correspond-
ing solenoid 30L or 30R to cause the hydraulic actuator

20 to turn the rear wheels 21. and 2R at an angle calcu-
lated by the computer.

At the point 246 1n the program, the central process-
ing unit 51 produces a command to the cutoff valve
control circuit 58. The cutoff valve control circuit 58
sets the cutoff valve 2§ by producirig a drive signal IF
to cause the cutoff valve 25 to open. Following this, the
program proceeds to the point 256 where the computer
program is returned to the entry point 232.

If the answer to the question inputted at the point 234
1s “yes”, then it means that a failure occurs in the steer-
ing control system and the program proceeds to the
point 248 where a command is produced to the cutoff
valve control circuit 58. The cutoff valve control cir-
cuit 58 then stops the application of the dnive signal IF
to close the cutoff valve 20. At the pomt 250 in the
program, the central processing unit 51 produces a
commangd to the alarm lamp drive circuit 59. The alarm
lamp drive circuit 58 then activates the alarm lamp 43 to
provide a visible reminder to the operator that a failure
occurs in the steering control system.

At the point 252 in the program, a determination 1s
made as to whether or not the time AT that has elapsed
after the fail-safe signal is produced exceeds a predeter-
mined value ATo (for example, 150 msec). If the answer
to this question is “yes”’, then the program proceeds to
the point 254. Otherwise, the program returns to the
point 252. At the point 254, the central processing unit
51 produces a command causing the control valve con-
trol circuit 57 to stop the application of the drive signal
IL* or IR* applied to the control valve 30. Following
this, the program proceeds to the point 256.

During the fail-safe control, the cutoff valve 25 closes
to interrupt communication between the control valve
30 and the hydraulic actuator 20 when a failure occurs
in the steering control system. After the cutoff valve 25
closes, the hydraulic actuator 20 utilizes the leakage of
the hydraulic pressure through the cutoff valve 2§ to
gradually return the rear wheels 2L and 2R to their
neutral positions. This is effective to avoid a sudden
change in the driving performance of the automotive
vehicle. '

FIG. 10 is a flow diagram illustrating the program-
ming of the digital computer as 1t 1s used to check a
failure in the steering wheel neutral position sensor 64.
The computer program is entered at the point 262 when
the ignition switch 68 is turned on. At the point 264 in
the program, the central processing unit 51 produces an
estimation inhibitory command to inhibit the steering
wheel neutral position estimation of the control unit 50.
At the point 266 in the program, a determination is
made as to whether or not the steering wheel neutral
position signal CP, which is applied from the sensor 41,
changes to its high level. If the answer to this question
1s “yes”, then the program proceeds to the point 268.
Otherwise, the program returns to the point 266.

At the point 268 in the program, the central process-
ing unit 51 reads a value 8MIN for steering wheel posi-
tion & when the steering wheel neutral position signal
CP changes to its high level. At the point 270 1n the
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program, a determination i1s made as to whether or not
the steering wheel neutral position signal CP changes to
its low level. If the answer to this question is *‘yes”, then
the program proceeds to the point 272. Otherwise, the
program returns to the point 270. At the point 272, the
central processing unit 51 reads a value IMAX for
steering wheel position & when the steering wheel neu-
tral position signal CP changes to its low level. At the
point 274 in the program, the central processing unit 51
calculates a difference 6CP of the read value GMIN
from the read value 8MAX. The calculated difference
8CP indicates the pulse width of the steering wheel
neutral position signal CP.

- At the point 276 in the program, a determination is
made as to whether or not the calculated difference
OCP is in a predetermined acceptable range defined
between a lower limit (for example, 15°) and an upper
limit (for example, 25%). The lower and upper limits may
be determined as the angle 6w plus and minus 5°, If the
answer to this question is “yes”, then it means that the
steering wheel neutral position sensor 64 is in order and
the program proceeds to the point 278 where an estima-
tion start command is produced. Otherwise, the pro-
gram proceeds to the point 280 where a fail-safe com-
mand 1s produced. In the presence of the fail-safe com-
mand, the program proceeds from the point 234 to the
point 248 of FIG. 9 for the fail-safe operation of the
control unit 50. |

FI1IG. 11 is a detailed flow diagram illustrating the
programming of the digital computer as it is used to
estimate a steering wheel neutral position value 6CM.

At the point 302 in FIG. 11, which corresponds to the

point 212 of FIG. 7, the computer program is entered.
At the point 304 in the program, the central processing
unit 51 awaits the receipt of an estimation start com-
mand. The estimation start command is produced at the
point 278 of FIG. 10 when the steering wheel neutral

position sensor 64 is in order. After the receipt of the
estimation start command, at the point 306, a determina-

tion 1s made as to whether or not the neutral position
signal CP 1s at its high level. If the answer to this ques-
tion 1s “yes”, then the program proceeds to another
~determination step at the point 308. This determination
1S as to whether or not a flag SFLLG is cleared. This flag
SFLG 1s cleared to indicate that an initial steering
wheel neutral position value is to be estimated and is set
to indicate that the last steering wheel neutral position
value 1s updated. If the answer to this question is “yes”,
then the program proceeds to the point 310 where the
central processing unit 31 sets a vehicle speed reference
value Vo at its initial value, the smallest possible vaiue,
(for example 20 km/h), a steering wheel position change
reference value 6o at its initial value, the greatest possi-
ble value, (for example 10°) and a continuous vehicle
traveling distance reference value 6o at its initial value,
the smallest possible value, (for example, 12.5 m). These
reference values Vo, 80 and Lo are used to determine
conditions which should be fulfilled to estimate a steer-
ing wheel neutral position. At the point 312 in the pro-
gram, the central processing unit reads the existing
vehicle speed value V, the steering wheel position
change value 0s and the existing vehicle speed value L.
These values V, 0s and L are calculated during the
execution of a separate program. If the answer to the
question inputted at the point 308 is “no”, then the
program jumps the point 310 to the point 312.

At the point 314 in the program, a determination is
made as to whether or not the read vehicle speed value
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V 1s equal to or greater than the reference value Vo and
equal to or less than a predetermined maximum value
VMAX (for exampile, 80 km/h). If the answer to this
question is “yes”, then the program proceeds to the
point 316. Otherwise, the program proceeds to the point
320 where the maximum and minimum values 6MAX
and 6MIN are cleared and then to the end point 340.
Thus, the central processing unit 51 does not estimate
the steering wheel neutral position at low vehicle
speeds less than the reference value Vo (for example, 20
km/h). This is effective to prevent the central process-
ing unit 51 from calculating the steering wheel neutral
position based on an incorrect neutral position signal
which may be produced from the steering wheel neutral
position sensor 64 when the vehicle turns at a low speed
in a circle of small radius with the steering wheel 10
being rotated at 360°. In addition, the central processing
unit 51 does not estimate the steering wheel neutral
position at high vehicle speeds greater than the maxi-
mum value VMAX (for example, 80 km/h). This is
effective to prevent the central processing unit 51 from
calculating the steering wheel neutral position based on
an incorrect neutral position signal which may be pro-
duced from the steering wheel neutral position sensor
64 when the vehicle turns in a circle of great radius at a
high speed creating a great tire slip angle with the steer-

ing wheel 10 being rotated at a small angle.

At the point 316 in the program, a determination is
made as to whether or not the steering wheel position
change value 0s is equal to or less than the reference
value 8o. If the answer to this question is “yes”, then the
program proceeds to the pomnt 318. Otherwise, the pro-
gram proceeds to the point 320. At the point 318 in the
program, a determination is made as to whether or not
the continuous traveling distance L is equal to or

greater than the reference vaiue Lo. If the answer to
this question 1s “yes”, then the program proceeds to the
point 324. Otherwise, the program proceeds to the point
324 where the maximum and minimum values 8MAX
and OMIN are set.

At the point 324 in the program, the central process-
ing unit 51 calculates an average value 6C of the maxi-
mum and minimum values 8MAX and 6MIN. The cal-
culated average value 6C 1s stored in the nonvolatile
memory 54. At the point 326 in the program, the central
processing unit 51 estimates a value 6CM for steering
wheel neutral position by calculating an average value
of the new value 6C(n) calculated at the point 324 and
the last value 8C(n— 1) stored at the point 324 during
the last cycle of execution of this program. The esti-
mated steering wheel neutral position value OCM is
stored to update the last estimated steering wheel neu-

- tral position value in nonvolatile memory 54.

55

63

At the point 328 in the program, the the values V, s
and L calculated at the point 312 are stored to update

‘the respective reference values Vo, 8o and Lo for use at

the point 312 during the next cycle of execution of this
program. At the point 330 in the program, the flag
SFL.G 1s set. Following this the program proceeds to
the end point 340 which corresponds to the point 214 of
FIG. 7.

[t will be understood that the point 310 where the
reference values are initialized is jumped as long as the
flag SFLG is set. Consequently, the conditions which
should be fulfilled to estimate a steering wheel neutral
position become more severe each time a new steering
wheel neutral position is estimated.
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If the answer to the question inputted at the point 306
1s *“no”, then the program proceeds to the point 332
where the central processing unit 31 calculates a steer-
ing wheel position difference Aé which is represented
by the absolute value of the difference of the estimated
steering wheel neutral position 8CM from the steering
wheel position 8. For this purpose, the central process-
ing unit 51 reads the existing steering wheel position
value € and reads the estimated steering neutral position
value 8CM from the nonvolatile memory 54. The calcu-
lated steering wheel position difference A8 corresponds
~ to the front wheel steering angle 8F. At the point 334 in
the program, a determination is made as to whether or
- not the calculated steering wheel position difference A8
is equal to or greater than a predetermined value 62 (for
exampie, 2°). If the answer to this question is “‘yes”, then
the estimated steering wheel neutral position value
8CM is considered to be correct and the program pro-
ceeds to the point 336 where the flag SFL.G 1s set and
then to the end point 340. If the calculated steening
wheel position difference A9 1s less than the predeter-
mined value 02, then the estimated steering wheel neu-
tral position value 8CM is considered to be erroneous
since the calculated difference A is small in spite of the
fact that the steering wheel position is out of the neutral
position range and the program proceeds to the point
338 where the flag SFLG is cleared and then to the end
point 340.

[t will be understood that when the estimated steering
wheel neutral position value 8CM is considered to be
erroneous, the reference values Vo, 8o and Lo are set at
the respective initial values which provide easiest con-
ditions determined at the points 314, 316 and 318. This
1s effective to reduce the time required for the central
processing unit 51 to estimate the steering wheel neutral
position and to return the steering wheel neutral posi-
tion to a correct value in a short time.

As described previously, a check is made as to
whether the steering wheel neutral position sensor 64 is
in order before the steering wheel neutral position is
estimated. It is, therefore, possible to prevent the esti-
mated steering wheel neutral position from deviating to
a great extent from a correct steering wheel neutral
position because of a failure in the steering wheel neu-
tral position sensor or the circuit associated therewith.

Although the invention has been described in connec-
tion with a four wheeled vehicle, it is to be understood
that the invention is also applicable to other wheeled
vehicles including motor cycles.

Although the invention has been described in detail
with reference to a preferred embodiment thereof, it
should be understood that variations and modifications
can be effected within the scope of the invention.

What 1s claimed is:
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1. A vehicle dynamic characteristic control apparatus
for use with a motor vehicle having controllable dy-
namic characteristics, comprising:

first sensor means sensitive to a steering handle posi-

tion for producing an electric signal indicative of a
sensed steering handle position;

second sensor means sensitive to the steering handle

position for producing a steering handle neutral
position signal having a first level when the sensed
steering handle position s in a predetermined range
and a second level when the sensed steering handle
position 1s out of the predetermined range; and

a control unit coupled to the first and second sensor

means, the control unit including means for detect-
Ing a minimum steering handle position value
sensed when the steering handle neutral position
signal changes from the second level to the first
level and a maximum steering handle position vaiue
sensed when the steering handle neutral position
signal changes from the first level to the second
level, means for calculating a difference between
the minimum and maximum steering handle posi-
tion values, means for producing an estimation start
command when the calculated difference 1s within
a predetermined range, means responsive to the
estimation start command for estimating a steering
handle neutral position based on the minimum and
maximum steering handle position values, and
means for controlling the dynamic characteristics
of the motor vehicle based on the estimated steer-
ing handle neutral position.

2. The vehicle dynamic characteristic control appara-
tus as claimed 1n claim 1, wherein the control unit in-
cludes means for producing a failure indication when
the calculated difference is out of the predetermined
range.

3. The vehicle dynamic characteristic control appara-
tus as claimed in claim 1, wherein the control unit in-
cludes means for storing the estimated steering handle
neutral position in a nonvolatile memory, means for
reading the estimated steering handle neutral position
from the nonvolatile memory when the control unit is
powered on, and means for controlling the dynamic
characteristics of the automotive vehicle based on the
estimated steering handle neutral position read from the
nonvolatile memory.

4. The vehicie dynamic characteristic control appara-
tus as claimed in claim 1, wherein the control means
includes means for calculating a difference between the
steering handle position sensed when the control unit is
powered on and the steering handle position sensed
when the steering handle neutral position signal is in the
first level, means for producing a control start com-
mand when the calculated difference 1s within a prede-
termined range, and means responsive to the control
start command for controlling the dynamic characteris-
tics of the automotive vehicle based on the estimated

steering handle neutral position.
S x * L L
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